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1. ƿƭǈƽ 
 
Ɣ ŀƽƘlĖCw{ƒƾ}ſ2ÍƹăƮǎǴǿȃǪǭƾřîƹƿƘwĂƽō>ĎčȈ0.1 
mL9ǆȉƾ 1/10Ƃƅ.ƾ#ǒĎîƫư 0.01ƾ#ǒ°zƫưƸƠǎ [1]ƙƬƤƬƩƾřſè
ƹƿìƌǒšǆNǎƆƾšǆNǍŠƾaƏƥƟǍ [2]ƘšǆNǍ#ƥ2µƬĕȆĨƥ
ƮǎƙĀþƹƿãƽšǆNǎƤƘƟǎƠƿžſèƾăƥ{¾ƫǏƸƠǎ[2]ƙƱƾā
ąƺƬƸƘĎîƹƿ 0.01šǆNǍ½ƥîzĹ"ƾ	Ŗƽǋǎ6»lðƽvƮǎƳǈƹ
ƟǎƺĸƢǌǏǎƙ{ƆƘō>ĎčƂƾšǆ#ǒƮǄƸ 0.05 mLFƟǎƠƿ 0.1 mLFƽ
ůƬƳwĂǉƠǎƙƑźqwÌ 2017 ƾlĖCw{ƒƾ\òzȈôƾĉƼǎ 5
ĝƐƾŻżñìǒNaOHñìƹòzƮǎȉƹ 3ƾwĂƽǴǿȃǪǭƽǋǎřſǒ 0.01 mLF
ǅƹĎîƫưƳĮÐƘ3 ƾšǆNǍ#ƾÙð$Ȉ1ƖȉƿƱǏƲǏ 0.05 mL, 0.09 mL, 
0.80 mL ƹƟǍƘ+ƺƬƸ 0.54 mLȈn=15ȉƹƟǎƩƺƥǑƤƶƳȈűȉƙƩƾįřǬȇǨƤǌ
Ďîƽǋǎ½èƹƿƘ0.01 mLƾ¶#ǒšǆNǎƺƦƾîzŠƿ"ƽǋǍÇ¢ƥƟǎ
ƩƺƥǑƤƶƳƙƩƾÇ¢ƿ"ƾ	Ŗċ£ŕƽąËƬƸƠǎPĽ ƥƟǎƺĸƢƘ}ſ2
ÍƹƾšǆNǍ#ƾǀǌƷƦǒƫƧƮǎ|ŖċƼřſèƺƬƸƘ;ǒ*ƬƘwĂƽ 0.01 
mL FǅƹǒÞĕƽšǆNǌưǎƩƺǒ{ũƬƳƙƩƾ¨èǒCw{ƒ´ļƽ*ƮǎƩƺ
ƹƘwĂƥîz#ǒĨ~ƽŒÖǈǋơƺƮǎ{ƒtAǒļ¦ƹƦǎǉƾƺĸƢƳƙƼƣƩƾ{
ũƹăƠƳ;ƿ½đīǒǺȁǘǤǫȂǶǔȂǼȈOHP ăȉƽǠǵȇÛƹŏ0ƬƸľƬƳǉ
ƾƹƟǎƙŃĹǌƾēǎƄǍ}ſ2Íƽ;ǒ*ƬƳƿƘÔŚƿƟǎǉƾƾƘ5wĂW
ƨlĖCw{ƒƹ{ũƬƳƿĀjǅƹƾƺƩǐČ÷ƹƟǎƙ 
 
2. ;ƾIā 
 
Ɣ 	ƺ;ǒƶƸîƁƮǎŴ-ƺƬƸƿƛǱǝǤƜƥēǌǏƸƠǎƙƩǏǌƾĎč½è
ƿƘ1542ƽǺȂǭǛȂƾ¶wĹ Pedro Nunes (ȀǫȅşVȏPetrus Nonius) (1492-1577)ƥ²
ÓƬƳƛĎčĬ2Cƾ½èƜƽąËƮǎ [3]ƙƛǱǝǤƜƺƿƘƩƾ Nonius ƾ¿ÉşśǍƥş
ïƹƟǎƙƩƾĎčĬ2CèǒăƠƸ 1631ƽǶȀȅǤƾ Pierre Vernier (1580-1637)ƥ ƛǲ
ȇǰǾȈ;ȉƜǒĊÁƬƳ [4]ƙ 
Ɣ ;ƾIāiǒ Fig.1ƽėƮ [5]ƙƘn ǒŶƼ·¶ƺƮǎƺ	ƾ(n-1)Ďčǒ nĥ2Ƭ 
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Fig. 1. Schematic illustration of a main scale division and a vernier scale division of the 
“Nonius” calliper (modification from [5]). Definition of the codes were described in the text. 
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ƹƢǌǏǎƩƺƽƼǎƙ 
Ɣ 	Ďčƾ 9Ďčǒ 102<ƮǏǀ	ƾ 1/10Ƙ19Ďčǒ 202<ƮǏǀ	ƾ 1/20Ƙ49
Ďčǒ 502<ƮǏǀ	ƾ 1/50 ǅƹšǆNǎƩƺƥƹƦǎƙ 
 
3. ǴǿȃǪǭă;ƾ¦ 
 
Ɣ }ſ2ÍăIWAKIǛȀǤŎȈPYREX®ȉǴǿȃǪǭȈ+}25 mlȉƽăƮǎ;ȈǺȁǘǤǫ
ȂǶǔȂǼŎƘHƫ0.01 cmƘƌğ20 cm2ȉǒÝƾ½èƹ¦ƬƳƙǴǿȃǪǭƾ19ĎčǍ2ǒ20
2<ƬƳ;ƺƮǎƳǈƽƘǴǿȃǪǭƾ0 mlƤǌ20 mlǅƹƾĎčƂƅǒîzƬƳȈ28.1 cmȉƙ
Ýƽ1 mm½đīǒă¢ƬƘƩƾăīƾ0.1 cmĎčƂƅƥ0.281 cmƂƅƺƼǎǋơƽŦƾŏ
0Ûƹ«qG8Ȉ281%ȉƬƳƙ«qG8ƬƳăīƾ½đƥǴǿȃǪǭƾĎčƺĿƮǎƩƺǒ
ĕŞƬƳƙ«qƬƳ½đīƾ20Ďč2ǒƠƘȌĎčƂƅƹ0Ƥǌ10ƾĎčİǒ±ĆƬƳ
ȈFig.2aȉƙ±ĆƬƳĎčIiǡǕǥƥ95%ƺƼǎǋơƽŏ0ÛƹǺȁǘǤǫȂǶǔȂǼȈOHPăȉ
ƽĳG8ƬƘ±Ćƾ0Ƥǌ10ĎčİƂƅƥǴǿȃǪǭƾ19Ďč2ƁƫƽĐƮǎǋơƽŢ·
ƬƳƙƩƾ±ĆǒG8ƬƳǶǔȂǼǒĲ4 cm ƕ Ú5 cmƽŊ»ƬƘƩǏǒ;ƺƬƳƙǶǔȂǼ
ƾ±ĆǋǍ0.5 cm½ƺ0.5 cm½ƾŹ2ǒǚǪǨȇƹÚƽ2 cmĜƾ3ǏŮǆǒ*ǏƘǶǔ
ȂǼƥǴǿȃǪǭƽŋĒƹƦǎǋơƽsƬƳȈFig.2bȉƙ 
Ɣ UØƽŎƬƳ11Ïƾ;ƽƷƠƸ;ǤǟȇȂƾ+ƁǒîzƬƘ¦ƬƳ;ǤǟȇȂ
ƾ/Ā ǒĕŞƬƳȈTable 1ȉƙ 
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Fig. 2. Pictures of the vernier scale films manufactured in this study. (a) Vernier scale drawn on 
the graph paper enlarged. (b) Front view of the vernier scale film utilized for burette metric 
scale. 
 
4. ĎŔřîƺ;řîƾáū{ƒ 
 
Ɣ ìğǒǴǿȃǪǭƹřîƬƳnTƾǬȇǨƾǀǌƷƦ
ƥƘĎŔřîƺ;řîƺƹƻƾĜĉƼǎƤÔŚƬƳƙ{
ƒƽƿIWAKIǛȀǤŎ25mLǴǿȃǪǭȈPYREX®ȉǒăƬƘ
ƩǏƽĪ25 mLƾńćäǒ)oƬƳƙǴǿȃǪǭƤǌŶſǒ
ëƫưƘƱƾë1ìſǒĎŔƺ;ƹ7ƚƽřîƬƳƙƩ
ǏǌƺUÃƽƘë1ìſƾžſǒƊurĚȈMettler Toledo
ĘŎȉƹřſƬƳ(Table 2)ƙ 
 
5. wĂ{ƒƹƾ;ǒăƠƳ}ſ2Íƾ{ũȏ\òz 
 
Ɣ ¦ƬƳ;ǒƘŻżƗNaOH\òzƾzſ2Í{ƒƽ
ăƬƳƙƩƾ{ƒƿŻżǕǙȅƾê õǃƾYĒ}ſǒ
îzƬƘŻżôƺYĒſƾƃ ƥFreundlichYĒĥíİ
[6]ƽơƩƺǒÔŜƮǎ{ƒƹƟƶƳƙŻżñìȈ0.1 molL-1ȉ
ǒŽƬôƾĉƼǎȎĝƐƾŻżñìȈ0.025 molL-1, 0.05 
molL-1, 0.1 molL-1, 0.2 molL-1, 0.4 molL-1ȉǒŢ·ƬƳƙŻż
ñìôǒÙzƮǎƳǈƽ0.025 molL-1ƺ0.4 molL-1ƾñì
ƽƷƠƸ0.100 molL-1 NaOHñìƹ\òzƬƳƙ 
Ɣ Żżôƺê õǃƾŻżYĒſƾƃ ǒŢǄǎƳǈƘŻżñìƤǌ50 mL2NƬƘê 
õȈ1gȉ*Ǎƾ200 mLƾǴȇǚȇƽěƬƳƙ402ƘóǆìȈYĒňìȉƤǌ10 mLƟǎƠ
ƿ20 mLǒ2NƬƘ0.100 molL-1 NaOHñìƽǋǎ\òzƹňñìƾŻżôǒîz
ƬƳƙƩƾ{ƒƿȎVȈAƤǌEȉƾqw5wwĂȈÉwāwŹĂ[ęwęƣǋǁüāwę
§ȉƥ{¾ƬƘAƺBƿ;ƽǋǎîzǒƘC,D,ƺEƿĎŔƽǋǎîzǒ{ņƬƳȈTable 3ȉƙ
òzƿSňñìƽƷƠƸ2fņƠƘk#ǒîz#ƺƬƳƙ 
 
6. ĮÐƺĸ 
 
6.1. ;ǶǔȂǼƾ/Ā  
 
Ɣ ¦ƬƳ11ÏƾǶǔȂǼƽƷƠƸ;ƁǒřîƬƳĮÐǒTable 1ƽėƮƙǶǔȂǼƽ±ĆƬ
Ƴ0Ƥǌ10ǅƹƾkƁƫƿ2.21 cmƹƟǍƘÙð$Ȉ1σȉƿ0.02 cmƹƟǎƩƺƥ2ƤƶƳƙƩ
ƾ#ƿk#ƾ0.73%ƽĐƬƘƩƾ;ƹřîƬƳnTƽk#Ƥǌ0.000073 mLƾÙð
Film number Film length,cm
1 2.22
2 2.20
3 2.24
4 2.20
5 2.21
6 2.23
7 2.19
8 2.20
9 2.22
10 2.20
11 2.20
Average 2.21
Standard deviation 0.02
Table 1. Repeatability of the 
vernier scale length of the 
films reproduced in this 
study. 
4140
 $ƺƼǎƩƺǒ¢ZƮǎƙǴǿȃǪǭƾ0.01 mLǒřîƮǎƹƿƘƩƾ$ƿ÷ŔƬơǎĜ
ƺŒƼƮƩƺƥƹƦǎƙÉèƹƿ;ǒȋÏƾIĆȈFig.2aȉƤǌŏŎƬƳƙIĆƥĉƼǎU
ĥ]ƺáūƬƳnTǒĸ¥ƬƸƢǀÙð$ǒ3σƺƬƸǉřîŠƿ0.0002 mLĜƹƟ
ƶƳƙƩƾƩƺƤǌƘIĆƾŵƠƿ;ƺƬƸƾăƽýƽƍƿƼƠǉƾƺ6»ƹƦǎƙƳƴ
ƬƩƾǶǔȂǼƿǺȁǘǩȃȅŎƹƟǎƳǈƘùƽǋǎMĳƽƿé¢ƥőƹƟǎƙƱƾƳǈƽ
ǉzÈċƼÑÞƿőPÜƹƟǎƙƢǀă:ƽƘǴǿȃǪǭƾ¢ƾĎčƽǶǔȂǼƾ
0ǒTǑưƸƘǶǔȂǼƾ10ƾĵƥÆ5ƽTǑưƳƺƩǐƤǌƘ1.9 mLĵƽÞƬƧTƶƸƠ
ǏǀăPĽƹƟǎƙ 
 
6.2. řîèƾŵƠƽǋǎîzŠ 
 
Ɣ ¦ƬƳ;ƽǋǎřîƺĎŔřîƾŵƠƽƷƠƸƘńćäìſǒǴǿȃǪǭřîƮǎƩƺ
ƹáūƬƳĮÐǒTable 2ƽėƮƙǴǿȃǪǭƤǌƾëìſǒ0.2 mLƤǌȎ.0mLƾĦhƹŶ
ƽǀǌƷƤưƳ18ŝ¹ƽƷƠƸĎŔřîȈVeyeȉƘ;řîȈVverȉƺĚſǒņƶƳƙVeye ƺ
VverǒĚſ#ƹœÒCƬƳiǒėƮȈFig. 3a,bȉƙǅƯƘƠƯǏƾƃ ǉæz ¶ȈR2ȉƥ0.999
ƹƟǍƘƮǄƸƾǬȇǨƥƱǏƲǏƾFfďİƽƟǎƩƺǒėƬƸƠǎƙďİƾ&Ʀƿ
0.99ƹƟǍƘy3úǉ0.0 mLƹƟǎƩƺƤǌƘîz½èƥĎŔƤ;ƤƽƃǑǌƯzſƹ
ƦƸƠǎƩƺǒėƬƸƠǎƙǅƳ25 mLǴǿȃǪǭƾ0 mLƤǌ25 mLƾƂƾĎčĵƽƃǑǌƯ
;ƹĨǋƧřîƹƦǎƩƺǉėƬƸƠǎƙÝƽƘĎŔƺ;ƽǋǎřî#ƾȈVeye-Vverȉƽ
ƷƠƸƿk#-0.01 mLƹÙð$ƿ0.03 mLƹƟǎƩƺƥ2ƤƶƳƙƾk#ƥ-0.01 
mLƹƟƶƳƩƺƤǌƘ;ƽáǄĎŔƹƿ'ƤƽğǒƼĎƽŒğǉǎ&WƥƟǎƩƺǒ
ėƬƳƙƩǏƿƩƾ³ǒ{¾ƬƳŃĹƾ	ŖċƼ6»&WǒŉĀƬƸƠǎƺǑǏǎƙÙð
$ƽƷƠƸƿƘǴǿȃǪǭƤǌëƮǎȋòƾğƥĪ0.05 mLƹƟǎƩƺǒƀǆǎƺƘî
zèƾƂƹDòĜƾŠƥįřċƽƿĂƭơǎƩƺǒė_ƬƸƠǎƙVeyeƺVverƾƱǏƲǏǒ
ëìſƹœÒCƬƳ#ƽƷƠƸp@ ¶ȈÙð$ǒŝ¹¶ƹ<ƶƳ`ȉǒåǈƳĮÐƘ
:Ĺƿ0.0065ƹƟǍƘĹƿ0.0054ǒƳƙƩƩƺƤǌƘĎŔǋǍǉ;ǒăƠƳ½ƥîz#ƾ
ǀǌƷƦƿƫƠƩƺƥǑƤƶƳƙ 
 
Fig. 3. Correlations between a volume and a weight of the effluent. (a) The volume was 
measured with the eye. (b) The volume was measured with the vernier scale film manufactured 
in this study. The functions of the regression lines and the coefficients of determination were 
shown. 
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 Table 2. Analytical results on the effluents’ volume measured with the eye or the vernier scale. 
The amount of the effluent was utilized for the normalization of the volume.  
 
Table 3. Analytical results on the acid-base titration in comparing between the eye and the 
vernier scale measurements.  
 
Accumulated
volume of
effluent, mL
Volume of
effluent, Veye / mL
Nornalization,
Veye / w
Accumulated
volume of
effluent, mL
Volume of
effluent, Vver / mL
Nornalization,
Vver / w
Accumulated
amount of
effluent, g
Amount of
effluent, w / g
(Veye - Vver)
Measurement with the eye Measurenmnet with the vernier scale
4.8830 4.8830 4.88 4.88 1.00 4.87 4.87 1.00 0.01
9.8398 4.9568 9.82 4.94 1.00 9.85 4.98 1.00 -0.03
14.7750 4.9352 14.80 4.98 1.01 14.86 5.01 1.02 -0.06
19.6772 4.9022 19.70 4.90 1.00 19.70 4.84 0.99 0.00
24.2896 4.6124 24.30 4.60 1.00 24.27 4.57 0.99 0.03
0.0000 1.39 1.37 0.02
0.9561 0.9561 2.33 0.94 0.98 2.35 0.98 1.02 -0.02
2.0956 1.1395 3.50 1.17 1.03 3.49 1.14 1.00 0.01
3.8147 1.7191 5.20 1.70 0.99 5.22 1.73 1.01 -0.02
5.0577 1.2430 6.45 1.25 1.01 6.49 1.27 1.02 -0.04
7.3068 2.2491 8.72 2.27 1.01 8.74 2.25 1.00 -0.02
7.5273 0.2205 9.05 0.33 1.50 9.05 0.31 1.41 0.00
8.9085 1.3812 10.43 1.38 1.00 10.43 1.38 1.00 0.00
10.8430 1.9345 12.38 1.95 1.01 12.38 1.95 1.01 0.00
13.4045 2.5615 14.98 2.60 1.02 14.97 2.59 1.01 0.01
15.5641 2.1596 17.05 2.07 0.96 17.07 2.10 0.97 -0.02
18.1913 2.6272 19.70 2.65 1.01 19.78 2.71 1.03 -0.08
20.6026 2.4113 22.13 2.43 1.01 22.10 2.32 0.96 0.03
22.4595 1.8569 24.00 1.87 1.01 23.96 1.86 1.00 0.04
1.03 1.02 -0.01
0.12 0.09 0.03
0.007 0.005 0.002
Average
Standard deviation
Coefficent of variation
Run 1 Run 2 Average
0.400 19.09 19.00 19.05 0.05
0.200 8.79 8.88 8.84 0.04
0.100 7.55 8.10 7.83 0.28
0.050 6.45 7.00 6.73 0.28 (0.026)
0.025 2.66 2.70 2.68 0.02
0.400 18.80 18.80 18.80 0.00 (0.010)
0.200 8.80 8.90 8.85 0.05
0.100 7.55 7.75 7.65 0.10
0.050 6.40 6.45 6.43 0.02 (0.008)
0.025 2.55 2.55 2.55 0.00
0.400 18.79 18.54 18.67 0.13
0.200 8.62 8.70 8.66 0.04
0.100 7.80 7.82 7.81 0.01
0.050 3.40 3.19 3.30 0.11 (0.010)
0.025 1.33 1.45 1.39 0.06
0.400 18.55 19.05 18.80 0.25
0.200 8.35 8.70 8.53 0.18
0.100 6.00 8.30 7.15 1.15
0.050 6.58 7.07 6.83 0.25 (0.159) (0.036)
0.025 6.42 2.45 4.44 1.99
0.400 17.70 17.66 17.68 0.02
0.200 8.35 7.89 8.12 0.23
0.100 7.48 7.45 7.47 0.01
0.050 3.30 3.20 3.25 0.05 (0.018)
0.025 1.49 1.32 1.41 0.09
0.43c)
(0.017)
a) The volume of 5 mL for 0.4 and 0.2 molL-1; and that of 10 mL for 0.1, 0.05, and 0.025 molL-1.
b) The difference between the values obtained by the experiments and the avarage are shown.
c) The value is a standard deviation of all data of the differences.
A
C
D
E
B
0.13
0.04
0.05
0.80
0.09
Students:
operators
Concentration of
CH3COOHa),
molL-1
Volume of 0.0930 molL-1 NaOH to
nuetralize the acid by the titration, mL
Method for
the
measurement
Differences
(absolute
value)b), mL
Vernier scale
Eye
Standard deviation of the
differences, mL
(Coefficient of Variation)
0.10
0.54
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 6.3. wĂ{ƒƹƾ;îz{ũĮÐ 
 
Ɣ lĖęw{ƒǒ!ƮǎqwȋƾwĂȎVƥ\òz{ƒƹNaOHñìƾğǒ;ƺ
ĎŔƹřſƬƳĮÐǒTable 3ƽėƮƙ¢ƽŷǓƴwĂȌVȈAƺBȉƽƿ;ƹƘƾwĂ
ȍVȈC,DƺEȉƿĎŔƹřſǒņƼǑưƳƙôƾĉƼǎȎĝƐƾŻżñìǒSwĂƥ2fƯ
ƷòzƬƳk#Ƥǌƾîz#ƾƿƘ;ăƹ0.00 mLƤǌ0.28 mLƾĦhƽƟǍƘĎŔ
ƹƿ0.01 mLƤǌ1.99 mLƾĦhƽƟƶƳƙîz#ƽƷƠƸwĂƪƺƾÙð$ǒåǈƳĮ
ÐƘ#ƿ0.04 mLƤǌ0.80 mLƽ2µƬƳƙ;ăwĂƽƷƠƸUØƼÙð$ǒåǈƳ 
#ƺƘĎŔřſƬƳwĂƾƱƾ#ǒáǄǎƺƘ:Ĺƥ0.10 mLƹƟǍƘĹƥ0.54 mLƹƟǎƩ
ƺƥ2ƤƶƳƙƫǌƽp@ ¶ƿ:Ĺƹ0.010ƘĹƹ0.036ƹƟǎƩƺƥ2ƤƶƳƙƩƾĮÐƤ
ǌƿ;ǒăƬƳwĂƾ½ƥîz#ƾp@ƿƫƠƩƺƥ2ƤƶƳƙîz#ƾp@ƽ"
ƿƟǍƘ;ăwĂǋǍǉĎŔƹŁƠĮÐǒƳwĂǉĀǏƳƙ5VƾwĂ+^ƾîz
#ƽƷƠƸp@ ¶ǒåǈǎƺ0.017ƺƼǍƘƩƾ#ǒfǎwĂƿƘB(0.008)LǁC(0.010)
ƹƟƶƳƙ½ƹwĂA(0.026)ƘD(0.159)ƘE(0.018)ƿîz#ƾp@ƥqƦƠĮÐƺƼƶƳƙ 
 ƾƩƺƤǌƘ;ǒăƬƼƧƸǉĎŔřſƹJ~Ƽ2ÍƥƹƦǎwĂƥƠǎ½ƹƘ
ĎŔřſƹƿ5wĂƽǋƶƸîz#ƾp@ƥqƦƧƼǎ&WƽƟǎƩƺƥ2ƤƶƳƙ 
 
6.4. ´ļċ?Ð 
 
Ɣ qw5wĂƽƺƶƸǴǿȃǪǭƾ 0.01 mL ǒĎŔƹ°zƮǎƩƺƿgƉƹƟǎƺƢǎƬƘ
òz#řſƾ6»lðƥ	ŖƽRƫǏǎƾƿøƾƩƺƺǑǏǎƙfŝƬƳħÂ;
ǒǴǿȃǪǭřſƽăƮǎƩƺƹwĂƥǴǿȃǪǭƾÆĎčƾ 1/10 ǅƹšǆNǎƩƺǒķ
¤CƫưǎƩƺƥƹƦǎƹƟǐơƙǴǿȃǪǭƾǋơƼřſdƹƟƶƸǉ;ƹÞĕƽšǆNǎ¨
èǒ­ƮǏǀƘƾ{ƒƽƣƠƸǉJÒƽŒÖǈǋơƺƮǎã¬ƵƥŧƩƶƸƧǎƽŵƠ
ƼƠƙ 
 
7. ǅƺǈ 
 
Ɣ }ſ2Í{ƒƹăƮǎǴǿȃǪǭřſǒ 1/100 mLǅƹĨǋƧîzƮǎƳǈƽƘ;Ƕ
ǔȂǼǒ½đīǊŏ0ÛƺƠƶƳŦ]ƹxƽ¦ƬƳƙ;ǶǔȂǼǒŏŎƬƳǉƾƹǉ
{ƒŠĦh.ƹăPĽƹƟǎƩƺƥ2ƤƶƳƙĎŔřſƺ;řſƾĮÐǒáūƬƸǉ
ŃĹƾ{ƒ³ƹƿýƽŵƠƿŒǌǏƼƤƶƳƙƳƴƬ{ƒƽ¤ǏƼ5wĹƾnTƿƘ
ÁǌƤƽ;ăƾÇ÷ƹîz#ƽįřċƼÇ¢ƥŒǌǏƳƙǴǿȃǪǭƾìƌǒîzƮ
ǎnTƘãƽšǇ	Ŗċ6»ƹƿƼƧƘ;ǒăƠƳ|Ŗċ6»ǒ­Ʈǎ½ƥCw´
ļƺƬƸƿ¢ĶƥƟǎƩƺƥ2ƤƶƳƙ 
 
8. ÅƦ 
 
Ɣ ;ăƾé¢öƿƾŲǍƙ 
Ȇ;ƥºǈƽ&ƤƼƠǋơƽé¢Ʈǎƙ 
ȆƯƘǴǿȃǪǭƾĎčƺ;ƾĎčƥ¯ƮǎƹăƮǎƙǶǔȂǼƾĎčƥǴǿȃǪǭƾ
Ō%ƽ¯Ʈǎǋơƽ®ǇƺƘǶǔȂǼƾĎčƺǴǿȃǪǭƾĎčƺƾŨƈƽǋǍŔƥĂƭǎƙ 
ȆǴǿȃǪǭƾÆq}ſůƧƾĎčǒšǇƆƽƿƘǶǔȂǼƾ10ƾĵƽǽǰǤǚǤƾĢǒT
ǑưǏǀǋƠƙ10ƾĵƽTǑưƳnTƿƘƤǌƾŨƈǒšǇƩƺƽƼǎƤǌƹƟǎƙ 
Ɣ ;¦ƾ7èƺƬƸƘ1 mm½đīǒǤǜǾǯȇƹšǆŮǆƘPhoto Shop®ƹĆ(ǒ«q
ƬƘĎčǒ*Ǐǎ½èƥƟǎƙĎčƿǵǞǦȂFƹ±ƧƩƺƥƹƦǎƾƹƘǢǾȇǷǹȅǢȂ
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 ƹ±ƧǋǍĬƧƹƦǎƙÆĎčƾ1/20ǉ÷āƼƧ±ƨǎƙǅƳƘųǻȅǛȅżǚȁǖǼƼƻƾÇ
łñìƹòzƮǎnTƾƳǈƽƘĎčǒƓłƼƻƾÁǎƠłƺƮǎƩƺǉƹƦǎƙǮȄȇĩƾǧ
ǶǭǒƢǀƘÆ5Ƥǌ±ƧƩƺǉPĽƹƟǐơƙƳƴƬƘĤĹƾăƬƸƠǎÛÊƾaƏƤǉ
ēǏƼƠƥƘǤǜǾǯȇǊǳǧǠȅƾǷȁȅǨȇƾĳƿÞĕƺƿŘƢƼƤƶƳƙƤ«qƘ
ĳǒĴǍŰƬy¦ƫưƳƙ 
 
ťŬ 
 
ÉĞǒ¦ƮǎƽƟƳǍƘ{ƒƽE=ƬƸƧƴƫƶƳÉwwĂţXƽť¢ǒŉƮǎƙªĞƾÛ
ǒƢƸƧƴƫƶƳƃ ţâƾƪH¡ƽ£ťƮǎƙ 
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